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e Subsurface environments may preserve 
g=1ece) coke) mat-le)ie-le)iiavmelem elles} (-4ar- ide lasts 
in \VLOLR= i =] 0] = =la li gel alaatciaiecl meelarelid(elars 
compared to surface (e.g., smaller variations 
Tame=laalekele-idelacm-laremalelaal(eniaya 


Collapse pit and skylight 0 on 


— Reduced exposure to radiation penis one Nels 
¢ Lava tubes are expected on Mars, and ee oe 
: . Petar ei NA 
candidates are observed from orbit eh 
VER erat Dey TS Meir 
¢ Few detailed studies of microbial populations = Buh | 
in terrestrial lava caves es ea Te 
¢ Also contain a variety of secondary minerals hy Wer i. Gene 
; Continuols |) , 
¢ Microbial activity may play a role in mineral gr aan pn 
. . : ik Sinan oy Q Wy 
formation or be preserved in these minerals i, Meee 
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¢ Minerals can provide insight into fluids (e.g., nei cuebe-st enllanse pies fest 
pH, temperature) km long), NW of Gruithuisen 


crater 


ated (ease aleom com ale laatlam=).(elieleciulela 


¢ Science targets 
— Likely sites for geological and astrobiological investigations 


SOc LA=AUl mae) aie-laaliarcldlelamaniinrcx-lalelamcide-iusts4(-omalslcrerare 
(biological, chemical) 


¢ Resource targets 
— Potential subsurface 
volatiles? (e.g., ice) 
— Natural shelters 
(e.g., from radiation) 


mem er alel=lacie-lalellaycar-lahys 
potential hazards to 
eaaelarclelmalsrcliae 


sem Colale-lanliareharela 
aalidfcecldle)amaterete(are 


lend] ey-tome)am \Vrelelatci mer-mviellerlale 


¢ Several unique, and Mars-relevant, 
avaWvalae)alaatsiaiecl meclalenidlelars 


— Very young geologically (“200 years) | 
: ,; rcs 
— Intermittent exposure to acid aerosols. 
¢ Degassing at Kilauea lava lake : 


¢ Adjacent periodic (1880-1940) Mauna Loa 
lava flow emplacement (< 1 km away) 


— High elevation (~8,000 ft), basalt or 
volcanic aerosols more likely source of 
Y=Yoto) aler-Tavacy-] | me) aismnar-|ameler=t-] a) 
¢ Located near the Hawai‘i Space 
= e)o)e-hale)amAvar-lley-ar-lalemeyiaalelt-lale)am (nl be 
Se WSR elem lariieacclalela 
— Team members serve as science support 


— HISEAS team explores tubes for use as fader ee eset Set 
safe havens : 


Preliminary studies 


of Lava Tubes ee 


Magnetometry | 
iL DYAN wa ar-]@) o)iays Speen 
Field X-ray Fluorescence (XRF) chemical analyses 
X-ray Diffraction (XRD) mineralogical analyses 
AV{o) AV =e CiekoW Vato] NVASTISIE\Y Feksicms) eLolell ge) galcld ava (Cy. \e 
Wi) col amexe) atciaa-Iialecme) am aaliatsleciieycavarclalemelarslanlcieays 
SY =10 | 0[=1alel | ay-ae) mm DIN: Wiae)aamee)i(srenslemcy- [eal e) (scm ne 
Ulate(=yacie-]aremaatsmanl(ane)elr-)m ele) eel t-lalelars 


Magnetometry 


Nite asiolalaalcld em siatclame alge 


¢ Measured total magnetic 
field anomaly on lava flow 
with a GEM Systems 
Overhauser Magnetometer 

¢ Search for subsurface 
cavities by looking for a . 
(oK=) iol mal ale (oler-] maat-lc4al-1a(e A 
field strength 
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Lava Tubes / — 
Skylights fy 
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Brent Garry, Patrick Whelley 


XRF analyses 


Kelsey Young, Debra Needham 


¢ Field analyses enabled 
in situ constraints on 
Sample chemistry 
— e.g., white powdery 
deposits hypothesized 
to be Na sulfate based 
on field spectra 2 rs 
dominated by Na and S Be. Wa 
— Confirmed by XRD } 
PlAGINATES 
¢ Spectra were collected 
from a large variety of 


cave features, data ya Ae 
analysis still in progress |) oe 
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XRD analyses 


Amy McAdam, Slavka Andrejkovicova, 
@alaciiialom calerecyele 


Samples collected for EGA-MS and 
microbial analyses in the same areas 


Samples cleanly processed in the lab 


Analyzed on an Olympus Terra XRD 
Takia aelaat=lalmelen=)ae|<-)euDlsm D)iere)\.-1 6 
diffractometer 
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04-010-2457> Thenardite - Na2(SO,) 


30 
Two-Theta (deg) 


XRD analyses 


syekyrelimcmeelaiecliamanliarele 
pyrite ea |i 22. 
White powdery deposits = Mypage ~ 
of Na sulfates ian 


laarelimelaclalealsvemictlaelasce 
ane) arelanycelaeleriollaswmer-|(lney 
elalemcavecielan 


am \VAe)arelanycelneler-|ellnomts 
aa=)e-kit-]e) (=m ]aremce)aaamicelan 
an Mg-bearing, amorphous 
Ca carbonate precursor * ai 
(e.g., Rodriguez-Blanco et on ao We 
al. 2014) ye 


CTA Tale INAS Lie css: 


— CO,, m/z 44 
— SOsz, m/z 64 
Benzene, m/z78} 


Amy McAdam, Christine Knudson, \ | i — ms 502 0 
SIEWLCW-Valelasy| <ouaee-F 


White/yellow coatings on wall 
(LT1-4a-org) 


Samples are heated; evolved volatiles 
are detected by a mass spectrometer 


counts per second x10 
puoosas Jad sjunoo 


matcle) (ature) abide} alucme)amaalial=le-l(e):aVA 
organic chemistry, and organic- 
aavial=ie-] maciriecelaciall es 


500 600 700 800 900 
sample temperature (°C) 


—— H,O, m/z 18 (x10) wi 18-10 
ee ee —— m/z 44, COz 
— SO, m/z 64 ae eo. 
Benezene, m/z 78 
— mz2 
m= m/z 252 (x10) . m/z 28, CO 


Small white branched features 
(LT2L-5a-org) 


White powdery deposits 
(LT1-6a-org) 
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counts per second x10 
puoves Jad sjunoo 
3 
counts per second x10 
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Preliminary DNA Sequencing 


Sarah Stewart Johnson 


Vortex Sod Sample 
With ZR BashingBead™ Lysis Tube 


ast: 100) e)(=mae)|(=1e1d (ola iamAiaale) 
DN AVAN AWS )al colle ml ATS 
Tubes in the field 

a a lelaateysi-lalrz-lulelamie)i (eM z-ve Wty Sp 


by extraction with a Zymo 
Quick DNA kit 


¢ Preliminary 16S Sd, Wash, Ee DNA 
sequencing on 8 samples Pee 
aaeleamaien fe\\i-mulelse-last-1s spn _- 
(two replicates per ee 
sample) Fite DNA 


With Zymo-Spin™ IV-HRC 
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Phylum-Level Bacterial Diversity 


Sarah Stewart Johnson 


Biqerclel Waciiaalitcls 
Kol palaalelaliava S1aevil (as 


System dominated by 
bacteria by 

-Jgejiaze) ololakaaalemlale 
Yoru laleeye(etcale 


Re] geome) ae) ele) ad (elem) 
unclassified bacteria 
(teal bars) and 

or Taleltersinomelharsiielals 


Deeper sequencing 
underway to elucidate 
aat=icl ele) i(om ey-laanl chm lare, 
ale\Vi=) melecx-lalsiaaks 


Summary 


Lava tubes in the martian subsurface could be detected by astronauts 
Uhyiayomm aate}o4arsine)aalsidavarclalemaar-]¢) el-cemlamel=ie-limiiidem ai DAV 


(© at=lanl ita VAmaaliace)a-liey:avar-]alem aalleigele)(e) (eycavmer-le-Miaveller-ixom dar-lme)arcxe) lays 
JMU LONCe\M1Imalcd OM ii Ulanliarcleom-licslecld(elamelar-le-(ek-la cid (ecm-lalemaniioge)eli-} 
associations within tube deposits, with implications for: 


— Habitability and astrobiology on Mars 


mann ale) Val=tel-Xomeovmanlialiaalelaam=lanviiae)alanl=ale-]meolarelia(e/amiolmciecir-lallatcaiiicmia 
young basaltic terrains 


Oy ayXe)lay-ml ela an lim elaenvd(elom inal exelar-lalaliavcelaaat-14(olamie)mnl 4@)\/1DEmUlel(=t5 
(o) ms oXe)e=)aldi-]malelant-lam=>,e)e)echale)ame) me Kime) mihi mer- loom elem \VIclas 


Caves are both a science target and a potential resource for manned 
missions 

Jaen (\ Ve (OMN=Manlialianlr4=malelaat-[amae)are-leallar-ld(elame)mcy=1aliiaiiom (eler- 1a (el akte 

— How do we ensure safe subsurface spaces for humans? 


— What instruments are needed and what types of missions (robotic 
Ane) avant) (=) aelelolalecme [Ol al atom aat-lalalrem sali (elacsd ira 


Thanks! 
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Preliminary 
DNA 
Sequencing 


a saree Sarah Stewart Johnson 


Bacteria 
Gemmatimonadetes 0.8% Ss 
Chlamydiae 0.5% ita 
Nitrospirae 0.3% hz 
Candidate_division_TM7 0.2% 9 
Cyanobacteria 0.2% 9 
Chiorobi 0.1% | 
Fibrobacteres 0.1% fj 
Candidate_division_TM6 0.09% [ij 
Firmicutes 0.09% {ij 
Deinococcus-Thermus 0.08% Py 
Candidate_division_BACt 0.07% fel 
WCHB1-60 0.05% [ij 
Candidate_division OD1 0.02% [i 
Spirochaetes 0.004% [i 
Fusobacteria 0.004% ee 
Candidate_division_TG-1 O0.0007% S 


Several interesting bacteria present 


— Candidate divisions, unclassified bacteria, deltaproteobacteria (can be sulfur oxidizers 
elalemactelelacl ac) 


— Next step: sequence down to the next level to get an idea of metabolisms es 


